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SEPTAL OCCLUDER AND ASSOCIATED METHODS 

The present applicatiqn isfeased m msf chims priority from U,S, 
5 Provisional Patent ApplkaM^Sg-ri^i^d;::^^^^ filed on December 19., 
2001 and entitled PATENT FORAMEN OVALE (PFO) CLOSURE DEVICE 
mm BfORBSOKBABLE COMPONENTS. 

Background of the Invention 

10 A patent foramen ovale (PFO) as shown in PIGUKO | Is a persistent 

ooe-way/usua1fy flap-like opetdng 'in thy wall between the right atrium 1Q 
and left atrkun 12 of the heart. Since left atrial (LA) pressure is jtoanally 
fc^^t S'tah. right atrial (RA) pressure, the Sap typically stays closed. Under 
certain conditions, however^ pressure tsui:.exeeed LA pressure etieatnig the 

IS pp^iolhty -for right to left shunting tha t can allow Wood dots to enter the 
aystsmic drculation. In utsm, the foramen ovale serves as 3 physiologic 
Cfrfiduit for right-to-left shunting. After birth, with the establishment of 
potocmary. drctsktiocw flic increased left atrial blood flow and pressure 
results m fanchorsal closure of the foramen ovale. This functional closure is 

20' suhsaqxji'nily followed by anatomical closure of the two over- lapping layers 
of tissue: septum primum 14 and septum seetmdurxi 16. However,, a probe - 
patent foramen ovale has been shoMxto peraisf in up to 33% of .adults m an 
autopsy series. Using. contrast echoeanUography (TEE), a PFO can be 
detected in- .approximately 25% of adidtl. These munfoers -are different 

25 because an. autopsy allows direst vi^al lnspeetkjn of the anatomy/ whereas 
contrast echocardiography relies on the toeasttremcnt of an indirect 
physiologic pltenomenoit. 

The cause of ischemic sfc^keixmttim'^ypiej^cx&c fof unknown origin} 
in ■■approximately 40% of cases. Espmtalhymyaun|* patieni^ pafadoxicai 
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cmhohsm via a PFO is cosnsMemd m lfe diagac^fe WMle there is cur rently 
no proof :f or a ^use-effeci. ceiaik«!shij> f wmf sidles have ctaifeined a siring 
associaticsts between the presence of a I^£ s^ 

embolism o^afrol<& M addition, there is good evidence that patients with 
5 ITO and paradoxical adbd-ta^Mka^8di;lfefe::f©^ future, recurrent 
cerebrovascular' events, 

The presence of HO has mo therapeuhe consecjtiexiee irt otherwise 
healthy- adults. Tax 'contrast , patients siii'feruig a stroke or TiA m the presence 
of a PFO and wifemt another cause of fedwrmc stroke are considered for 

10 prophylactic -tnedical therapy to radiice the risk of a recurrent emboJic -event 
These patients axe -cottuttonly ixmted with oral aMeoagulants, which have; tfcg 
$$fg$#i^ atlvejse side effect such, as hemorrhaging, heniatoma. and 
interaction with a variety of other dcugg, in certain cases, such as when 
:J3^|ll^p^]gu 3.a:^L0i* -is :oasnt jc-airtd IcaiaeS, surgery may he used to. close a PFD, To 

15 siihare a Pi© dosed requires attachment of /septum sceiindum to .«3eptui»; 
;f?riia\ym %yith a ccm&mous stitch, which is the oocrwnon way a surgeon shuts 
thePJPO under direct visualization. 

Non-siu*gkai closure of 33flds lias- become possible with the ad vent of 
ufflhtela-like devices and a variety of other similar mcdhamcal doaure 
M designs developed mi daily fa? percutaneous dosure of atrial septal defects 
(ASD), These d«vk«s allow patients to avoid the potential side effects often 
associated with anticoagulation therapies. 
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Brief Summary of &^*idtmeixts of the Invention 

Various embodiments of the present invention are directed to devices 
for closing septal defects such, as FfCfe, aedasure devices generally 

'5 Include a proximal anchor i^sribe^ and a flexible, 

center joint connecting the two anchor jgaemhers.- $tu> center join fc can be a 
suture. Alternatively, the cotter joint can-fee a flexible elastoinerie layer, 
which can, e ( g v be used to promote tissue ingrowth or for 'drug delivery. The 
flexible material canals© be covered -\vith.a.biocoiApatibie.giue toprornote 

3 0 adherence to tissue or growth focrors to aoeeferate tissue ingrowth. 

In accordance with some embodiments of the invention, the closure 
device is formed of bioresorbable components such that anbai.ant)3iiy no 
peirrnai\ent foreign body renusins in the defect. 

IiiaccordaoiTe with h^rthcronibadhnente of the invention., inechaniians i 
M 9x&$p$y&$& to collapse the closure device for facilitating device delivta?^- 
■removal ^ and/or repositioning. 

'These and other features will become readily apparent from the 
following detailed description wherein embodiments of the invention are 
shown and described by way of illustration As will be realised, the invention 
20 is capable of other and different embodiments and its several details may be 
capable of modifications in various respects, all without departing from the 
invention, Accordingly, the drawings and description are to be regarded as 
.UkiiSirahvo .in nature and not mia-restiiettye; or limiting .sense. 
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Brief Descriptions pf the P^wtRgs 

FIGURE 1 w&<3xmm£^^ heart illustrating 

5 a FFO; 

FIGURE 2 illustrates a deployed :: FF0: closure device with .bioresorfcaMe 
mmmm m m*m<* m& one or more UO^W * the 

FIGURE' 3 illustrates die FFO closure device of FIGURE 2 in. a collapsed 
state for passage through a delivery catheter or sheaUi; 



iO FIGURE 4 illustrates a. closure device deployed |;o close a FFO In 

accordance with erne of more further embodiments of the invention; 



FIGURE 5 

accordance with one or mote further e«^?odj«\ents of the invention; 

FIGUKFS'.i&A-imd 68 ^reiroftt and side views, respect ively, ©fa FFO 
1.5 closure device in. accordance' with one or more further embodiments of the 
im^ntkm; 

FIGURES 7 A and 7B F e front and side views, respectively, of . FFO 
closure device in' accordance with one or more further emb odiirwnts, of the 
invention; 

20 FIGURES 8A and SB are side and front views, respectively, of the PFO 

closure device of FIGURE 6 deployed to close a JPhO; 



FIGURES 9A illustrates a closure devke havu^g a retrieval mechanisst 
in accordance with one or mote farther embodiments of the invention in a 
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collapsed state for passage ihroup a ^f>«te^f ysfeeath; 

VIGWB m is a front view of the FIGURE 9A: device; 

FIGURES* 9C-E Illustrate deplov went of the FIGURE- 9A device; 

FIGURES 9F-H illustrate removal of the FIGURE 9A device; 

FIGURE' 10A Jim strates a <^>su^;d:evic« having a retrieval medmnism 
in accordance with, one or more hirther einbod smelts of the invention in a 
collapsed state for passage through a catheter or sheath; 

FIGURE im is a front view of the FfGURB WA device; 

FI'GURhS lli-vand. llB jjuistrate an anchor member with an^? 
hinge in accordance with one or more further embodiments of the inwnton; 

FIGURE 12 illustrates a PFO closure device made from & single 
material kva<SOi4ahc# .w^b.jJ^W;^M:faii^ embodiments of the 

VIGBBB 13 illustrates a FR) closure devio* having infiatiible. anchor 
members ki accordance with one or more further embodiments of ihe 
invention.; 

FIGURE 14 iBusttatess a FFO closure device with a wire connecting the 
proximal and distal anchor members in accordance with one or mote further 
embodiments of the invention; 

FIGURE. 15 illustrates a FF0 closure device having a- -frame member 'in 
accordance -with -one or more fefer embodmventB of the invention; 
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HGUE8 16 ffiustrate a FF0 cto frame m$x>$ 

members m mxm&mm with one#itt^ <?f the 

HGURE 17 iUustrateg a:PFO clo^are ti^v'ioe having frame aitchor 
5 jiifirabenjm accordance wiiivoneor ^ 
invention; 

FIGURE W illustrates the H^UME l?d«vfce in a collapsed state for 
passage through a catheter or sheath; 

FIGUJ&i 19 iilush-aies a frame andvor member having metal and 
#: :|Jal|incr CGi^onente in accordance with one or more further emfoadiuicitts of 
the invenhon; 

Kl^LJKKS 20A and 20B4lu^brateaP^; : dmtJi^.i^Vice-havrng'wiio?- 
members formed from a rolled material in accordance with, one or mota 
i^fthet' er«bodtnwt$ of the invention in rolled and tintOlfed positions, 

FIGURES 2.1A and 21 B iliustrate-an alternate PFO dosure device: 
hawing anchor, mem be rs formed from a rolled materia)' it* accordance with one 
or more further embodiments -.of the invention in rolled and iinrolkd 
positions, respectively; 

20 WORSES 22A illustrates a Gtosnre d^ice havlEjg frame anchor 

■members and a generally "X" ^ #apM joihE meniber in accordance with on« or 
more further embodimentsol ifoehwer^On* 

FIGL3l^22rHit«3£raie^U^^ the FIGURE 

22A device; 
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FIGURE 22C illustrates fee FIGURE 22A dfivtee in a deployed state; 



FJQUEES 23 illustrates a dojnatfc device having frame anchof. members 
having a generally "4-" shaped frame stTuclure in accordance with one or 
mom (atft&t eix&ddj meats oi --the m^enttoia; aiid 

PTGOBES 24 illustrates a closure device vitng fcii&iG mdmi members 
having a generally shaped MdtesbhictoeM accordancse willi one or 
more" fustrier embodiments of the uwentioft. : 
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Detailed It^^jf^ 

Various embodiments of : : ^ : 'p£^serttkiy^{k^ar^'directed termetkods 
and devices for closing septal defects such # PFQs, prmiarily by eliciting a 
taalmg respor«e at the defect. 

5 As shown m FIGURE 2.. a n"<> closure device 18 in accordance with 

out? or more embodiments of the present invention includes a distal anchor 
coaipgsn<?nt or member 20 (which can be placed on the left atrial side of the 
PFO), a proximal anchor member 21 (to tlx die device in place), a proximal 
attachment point 24 (for attachment and release from s catheter), and a centra! 
10 connecting member 26 (which can, e.g.,. be a simple suture in accordance with 
this embodiment). 

in spme.3^^ proximal anchor and the; 

^^^^^meK^wrare biib^p^^b&j. ^Ite^cxjaiponentss cun be fabricated 
torn either a single biotesorkMe pojymet or by , laminated composite of 
15 tivo or jpore materials to provide a unique ifiix of properties such as, e.g., 
•••'andfoor members having stiff centers at id^ flexible edges, and blood .contacting 
surfaces having controlled porosity or surface texture' to promote fast. m<X 
thorough endothelialization, while minimmng thrombosis. In addition, the 
tfosue- contacting- surface uf the anchors can .be designed to provide added 
20 stability by, e.g., being toughened. 

The distal anchor 20 is an elongated, preferably generally cylindrical, 
thirt bar-like member with rounded,, arcua tely shaped ends. Hie tissue 
contacting surface of the anchor can W generally flattened to increase tissue 
surface contact, hi size, the distal anchor component might, e.g., be .15-30 mm 
25 Song and 2 mm in diameter with a. circular cro^-seerion. line proximal anchor 
22 can be of similar dimensions and shape, a (though it caw 1%. shorter in 
.mseraH length; 
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Other distal ami ptoxhnaiandhor stmetares are also possible, For 
example, femdtes ctefeetemed:o^ rolled to form 

a cvLmtitical shape as described below with respect to the embodiments of 

FIGURES 20 and M 

5 For deli verj' and deployment the 'distal anchor 20 and proximal' 'anchor 

22 axe positioned to be gexierally aligned 3h a lohgiudinai, end-to-end manner 
within a -.delivery sheath or catheter 28 :as,$owfc m 3. These 

components', with the flexible correcting 'member 26 traverse the catheter Oi 
delivery sheath in this longitudinal orimtation. The catheter or delivery 

10 sheath is Inserted between septum pnmum md septum secuod um into the 
left- atrium IS, and the distal anchor-component 20 in ej ccted ■ Then, the 
v:Ctith&er : ::Or delivery sheath 28 is wMidriiwn Into the right atrium, and the 
proximal anchor 22 Is ejected. The flexible central connecting; member 26 
extends between septula pdmum and septum secundum to join the distal. 

IS. anehdr :2D and the praximaianehor 22. Once ejected,, die distal anchor mid 
pr«>dmal andior generally salf-ori«ntat« to be essentially perpendicular, to the 
axis of the centod connecting member and Mjgenerially parallel planer to one 
another. The exact orientation will be : governed by the individual patient 
anatomy, 

20 An alternate delivery method for this device can b s to deploy it 

directly through the septum primum as opposed to through the PFQ, 

The method of attaching'^^j^l^nnecting member 26 to the 
anchor and stop melanism 22 to permit fte distal anchor and meproximal 
anchor to be drawn together coald be f t».^ vi -via a friction tit or via a siip knot 
25 on the central connecting member. If \ & sip- knot is used,-, the f ree end of the 
suture proximal to the knot can be held remotely and released after the knot 
has beenpiaeed in the apprc^riate locadpri. 
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FIGOEE 4 the central coisiieeting member £6 is mownted to puimdt free 
sliding movement of the proximal anchor 22 relative to fee csnftaLcormecfcing 
member 26, A femsing Sjpfing 3& *A may be an expandable coil springy can 
5 In- formed at the outer end of ffce central: c^nnectuig .x&$&3^$$. to bias the 
proximal anchor toward the distal anchor when both are deployed from the 
catheter or sheath. 



In the .embodiments illustrated in HGIISES 4 and % a metallic 
component may he used as the central connecting member 26 in .order to 

1 0 provide an appropr is te stop a nd apply compression force to the proximal 
anchor 22. The metallic component ccmld.bg a piece of shape memory, wire, 
that has one end molded or laminated into the distal anchor component 20, 
in, PfGUEE 4, the proximal anchor 22 slides on the central connecting inember 
2% a^d once It is deployed, me biasing spring 30 formed on the end of the 

15 shape memory wire expands f© bias thtiproxia-udand^,oi-22 toward the distal 
anchor 20. 

In the .FIGURE 5 embodiment, a.fifcape:ntemory wire forms a hmk type 
anchor 32 made from two wires that exit througli the center of the-pio^nratji: 
anchor arid curve; in opposite dixecdons when expanded to draw the 
20 proximate a nchor toward the distal anchor. 

While the embodiments of FIGURES 4 and 5 can leave a permanent 
foreign body .when the bioresorbable components dissolve (if, e.g., a metallic 
component is used as the central connecting member 26)., one advantage of 
these devices is that no ihrombogenic tissue scaffold (usually a vascular 
25 material) is placed on the left atrial side. ThfQmbus forming on the LA side of 
a PFQ closure device can be released Into the systemic circulation causing an 
embolic event within the coronary arteries, cerebral circulation, or distaliy in 
the vasculature, and most vascular graft materials utilized to close PFOs are 



highly thrombogenie, 
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The PFO closure devices may need to be capable of x-ray visuaikaiion 
and use with radiopaque fillers ©rrrutrket bands fabricated from noble metals 
such, as platinum or gold. These aw&ers-- can &e ti&&&xufa&*vaxi^. &(.- 
5 common methods such as, e.g., adhesive bonding, lamination between two 
layers of polymer or vapor d«posiuon* 

FIGURES 6A and 6B iflttstrate a closure device SOln ■.accordance with 
one or more further embodiments of the invention. The device 50 includes. 
.■pi<sdT3fial,and distal anchor members 52, 54 connected with a flexible (and 

10 preferably sttetdhable etestomeric) center joint or connecting ekntea't : 5& The 
anchor members 52, 54 are preferably cylindrical in shape with rounded ends. 
:hyeize,.the distal anchor member 54 might, e.g., be about 15- '30 xnmlongf rad 
: ^l^iiitia: : 3riFi»ti; iri; j^^^^teivV«d.th.^ a.. ^irculiO:' cross-sectiiD-rit- Tftfe proximal anch:Oi'52 
canfee of siialilar: dimensions m4 sb ape, although it can be sliorier in overall 

15 length. The anchor members 52, 54 are preferably made fmm a rigid 

(preferably bioresorbable) polymer (regular or shape memory), or biological 
tissues. Biocompatible metal can also be used. 

Other distal and pro^larichot structures ate also possible, For 
example, the anchor cm be formed ol a generally flat material rolled to form 
20 - : a. cylindrical shape as described below with respect to the embodiments of 
FIGURES 20 and 21. 

The center joint 56 of i^TpUliH i dey-we (as well m the center faints 
of the devices shown inBGlJEES 3H0>;12-:J& sad. 21 -24} are preferably 
elastomeric and resilient end are made from- fiirornbogenic or mfiammatory 
25 materials inchidlog, e;g., polyester, biological tissue, bioresorbable polymer, 
small diameter springs (e.g v bJibnolVnr spongy polymeric material, 
Alternatively, die center joint can bcijyadc of nxnitipfc strands Ofhiaterial 38 
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m<M as, e.g., polymer i&ars as shown inihe closure device ^] of PICIIRKS 7A 
and 7B > The center Joint -can- be iextured, porous or in «• form of u single or 
double -sided hook material sach as Veicro. These kinds of surfaces produce 
Inflammatory xesp&mc»-m^:^^lQ^:p0m^ faster tissue ingrowth and 
5 faster defect closure. The entire device or parte <jf It mu be made from 
bioresorbable polymers. 

FIGURE &A and SB are front ^d'-sideVfe^^j^Uvel}v<>f^ 
device SO ma PBO defect The ptojdmal and dfetftl anchor raemberF; 54, 52 are 
longer tiim the defect width, thereby inhibiting the device ^ from being 
10 embolized. 



I». accordance with further embodiments of the invention, a closure 
device can include a 4eHv^/re»h<^i :^kfi«rvisin h iadlitate device: 
delivery removal or reposiiioniwg. A device 70 shown m HGUEES 9A and 
SE SncIwdes: a removal string: 72 and a delivery string 741 The rerac^^strhigv 

1 $, is rnovably seemed and slides freely inside of the proximal atKhor member 
76. ■T^&string extends from one end of the proximal member 76 ana is ib^d 
■t^.^rt:.dp0fesilf! end of the distal anchor member 78. By pulling on the free end 
. o|.^te.rem«val siring. 72, the whole' device 70' : can be collapsed and pulled into 
the delivery sheath 79 as shown ki FIGUKE 9 A. The strings can, e.g., be 

20 sutures or wires such -as Nitinol wire. 



The delivery and removal strings are Bwupulated separately m order 
to deploy or remove the device. FIGURES illustrate device deployment 
using die delivery string 74, wMdris prefemMy attarhed generally to the 
center of the proximal anchor member 76. The delivery sheath 79 containing 
25 the device 70 is first inserted, between the septum prlmum and septum 

secundum Into the left atrium as shown Jn F1GUKH 9C. As shown in FIGURE 
9D,. die distal anchor 7-8 is then ejected from the delivery catheter 79. Tension 
is then applied to the delivery string 74, and the delivery sheath is withdrawn 



m 

Into the right atrium' and. the proximal anchor 76 is ejected Applying "tension 
to the del i .very, string enabJes the proximal anchor 7&*o be properly deployed 
in the right atri«m,and^ into the left 

atrium. Upon successful deployme^ otthe Revise M, both strings are 

5 mm* *m ^ -^mmm^. * m&mm *&> & apses & the 

removal siring during deSvary; 

KGU RES' 9F-H illtMrate removal of the device 70, As shown in 
FiGUEl 9F, tension is applied io the removal sftingv while the delivery sheath 
79 is moved toward 'the device TtV ^applied tfiriskm causes the proximal 
10 anchor 76 to withdrawn itffl> the delivery sheath as shown in FIGORK 9G. 
The dismal anchor 78- also withdrawn into the delivery sheath as further 
tKxtsior* 1st applied to O'teiemoval string. Hie device can then be redeployed if 
desked or removed. 

AHerpatively, the delivery string 74 eaitibe (anitted, and theirehtdval 
15 $trir^:^beused for both device deployment and femoval. Ifreddivery 
sheath 79 containing the closure device Is first inserted between the septupv 
primum and septum secundum into the left atrium in a 'similar manner to that 
shown in RC0KE 9C She distal anchpr 78' is then, ejected from the delivery 
cadieter 79 h\ a -similar planner to that shown: hi FIGURE 9D. Ten$ionts 
20 applied to the removal string 72. and the delivery sheath is withdrawn into 
•thy right atrium, and the proximal anchor 76 is ejected. Applying tension to 
the removal string enables the -pM^iHaii-arsdim\7fe-to'be properly deployed in 
the right atrium,: and keeps the proximo): anchor 7$ from being ejected .intaihe 
left- atrium. The elasticity of : tlfe- : cenfer : -j^tei:cxini«ctari§ the anchor member.? 
23 helps properly position the proximal anchor at the defect. Upon successful 
deployment of the elosum device, the sttmg 52iis released and the delivery 
system it?, vviihdrawn. 



As shown in ■FIGUKESdtiA and JOB, m another embodiment,,, strings 80 
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(snttire, Nitinoi wire, etc.) are attached to both ends of the proximal arschor 
member 82 of a closure device 84. Both anchor members arc flexible and cm 
fold as shown in FIGURE 10A in order to be delivered to or removed from the 
defect. 



3 in accordance with .a imfaermnbodixmnt of the anvwultm, as shown in 

RGUKHS 11 A and H H, eaeh of the proximal and distal anchor ■members can 
ifickide two element* 90 separated by an -elastic hinge 92, The elastic hinge 92 
can facilitate folding of the members as shown in FIGURE 11 B,- Tbe ; King.e 92 
can be molded or made from a material such as, e.g., Mitinol or odiet shape 
tO memory inateriais, which can be a different material, fram the elements 90. 

To accordance with some embodiments of the invention, an entire 
dosure device can be made from a single sheet of a material as shovm/e.g.^in. 
the closure device 100 of FlGUtfK J 2. Two opposite ends of the sheet canhe 
rolled to form the proximal and distal anchor members. Glue or heat bonding 
15 canbe used to maintain the roiled -up eonhgimitaon of me imehoi shesatbe^ 
102, -304, 

■A» shown in FIGURE 13, in accordance with some further 
embodiments of the iMvemion, one or both anchor members 110, 112 of a 
ciosiue device 114 can be inflatable. The anchor member can be inflated ■ 
20 with., e g,,, saline or other physiological fluid during or before me delivery:, of 
the device. A tube 116 can eonnnrnMe With cavities in the anchor numbers. 
•Am inlet 118 can be provided at one of the members -for -introducing -fbM 
therein. 

In accordance with some further embodiments of the invention, a wire 
2,5 120 such as, e,g.,- an S-shaped wire, ean be provided to conned, the proximal 
and. distal anchor members 122,, 124 of a device 126 as shown ht FIGURE 14. 
The wire can.be used to provide additional clamping forte while -the. device -is 
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itt a f FO defect 0 flier wire shapes are also possible; 

In accordance with further embodiments of the invention, one or more 
frame structures can be used as the anchor members of a closure device. ) ! or 
example, FIGURE 15 allows a closure device 130 having a frame structure 132. 
5 Also, FIGURE 16 shows a closure device 136 having frames 138, 139. The 
frames can be, e.g., a metal (e g.,Hit»iol wire) or polymer frame, 

FIGURES 17-19 illustrate closure devices in accordance with some 
further embodiments of the mventiow. A closure device 140 shown in 
FIGURE 17 includes anchor lnetnbcas 142, 1M having a frame structu re, The 
10 frame siiape can be polygonal $s shown in the figure or it can alternatively be 
■M circular shape. Other frame shapes are also possible as, e.g., will i?e 
;d£|£$Be?d 'below with .respect to FIGURES 22-24. 

A : recovery sutare can be attached to opposite ends of the proximate 
an^itor menther 142 to collapse the anchors for ■delivery m a catheter 146 as 
IS . slwwn -iyi FfGUKF IB or for retrieval or repositioning. The anchor members 
caiibe made from a metal, preferably NitmoL or polymers. Alternatively, as 
shown in FIGURE 19, an anchor member 348 can include both metal and 
polymer components. 

In accordance with one or more further embodiments of the invention, 
211 die distal and pioxkaaJ anchors can be formed of a flat 3heet-Ji|ce member 
roiled to form a cylindrical shape as shown, e.g., m the device 170 of FIGURE. 
20A. The anchor* 172, 174 can unroll to form sheat-like members when 
deployed as shown generally in FIGURE 20B. The sheet-like member can he 
made of a material having shape memory properties such as, e.g., shape 
25 memory polymeric materials. Alternately, the sheet-like member can include 
metal struts made of shape memory metals such as, e.g., Nitinol or Nitinol 
alloys, The shape memory materials allow the device to be delivered in a 
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delivery sheath, m cattteter ifi^tfre-anodhorvta theTohed configuration of 
FIGURE 2Q7L fhs^mhrn a^airt the sheei^iiS^ |eow^rjr of HGURH 2QB once 
^ployed due to fed, shape memory property The anchor members 1 7% 
174 cart be connected to each- oft&r^& : a?00inn£BG&ig;- oarmber 176, which can, 
3 e.g., be a suture similar to thMnsed in Sic FIGIJRE 2 device. 

HGURES 21A and 21B ilktatcato a clositre device 180 having roiled 
anchor members 182, IMy which are ahmkc to the anchor members 172., 174 of 
the device of'HGUKHS 2QA acid 2#B, ihg arbors 382> 184 are connected to 
each other by a comiKctirig jnfaobur or joint 186, which can. fop a sheet of 
10 flexible material similar to the commoting members -previously described wltb 
■respect to FIGURES 6 and7. 

FIGURE 22A iilvistrafes a closure device 200 at accordance with one ef 
;ihiire furilier embodiments of the invention.. The device 2CH3 inciudes,disiaJ 
arid proximal anchor members. 292, 204, each of which, has a poly gonai or 

15 circular frame structure. The -anchor members are connected by a connfec&ig 
tfitoinfoer 206.. which can he made horn a flexible material similar to that 
previously described m connection with 'HlGUR.CS 6 and 7. I'hfe connecting 
member 206 can be made of two -sheets of flexible mate-rial connected at their 
centers, generally forming an "X" shape in the side view of the device. As 

20 shown in FIGURE 22B, the proximal anchor member 204 can mdudt* one Or 
more recovery wires or sutures attached to the -frame structure for use In 
device deployment of recovery HGUKH 22G -Illustrates the device 200 as 
deployed. 

}' > GURES 23 . and 24 ilkt&trate cj^p# : ; d mkm 22£|; ;23t| respectiveh? , in 
25: accordance .with further embodiments of the irtvimtifm. Each device '220,. 230 
includes distal and proximal aoehor members having a frame structure The 
anchor members are connected by & flexible joint 222, which- can be made 
hum a -flexible material sirmlar W thai previously described In connection 
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with FIGURES 6 and f, The FIGURE 23 device 220 includes distal and 
psosiinal arieltor members 224,226 generally hawing a shape. The 
FIGURE 24 device 230 includes distal and proximal anchor members 232, 234 
•generally having a shape. 

5 The -dosure devices d<isa3jbed herem can op tionaiiy be used, along with 

suturing or stapling Mchniqltes where fheMch^rsiior Iflexihle joiftts of the 
devices can be sewn or stapled to septinnprimum or secundum ioc better 
dislodgmenf resistance. Also, die flexible joint can, If desired,- be covered with 
biocompatible glue to adhere to the -tissue or can be loaded with drugs ©s 
10 growth factors to promote healing. The glue and also certain drugsean aim 
optionally be stored In any cavities in the anchor- members (e.g.. In the 
^cylindrical members* of FIGURES & and ?) and refeaaed after deployment 
MoMe metal markers can also be attached to the closure 'devices lor a better x- 
ray visualization. 

15 The yhrions closure devices described herein cart included a '.hamb^KM 

advantageous features, the closure, devices preferably have an atraumatic 
^ape rp reduce trauma during deployment or removal. In addition, the 
devices can fee self-orienting for ease .of deployment. Furthermore, beeauseoh 
the flexible center joint, the devices generally conform to the anatomy instead 

£0 of the anatomy conforming to the devices, 'which i& especially useful iri long 
tunnel defects. Ih addition, the devices can preferably be repositioned or/and 
removed during delivery, lite devices also generally have a relatively small 
profile after deployment. The flextbie center joint of the devices can 
encourage faster. tissue mgrowth andlherfifom, faster defect, closure, 

25 Ftu^hertnore, there are generally no exposed thrombogenie axmptmenk on 
the left and right atrial sides. Use devices can also advantageously include, 
bioresorbable: components,, ^ji&^m^^^^^'PVixf^&re^:^ 



Other benefits of the devices can i^ 



WO (OW»3 



18 



small diameter delirarjr ^heattv-ose.Qf reduced. or -no. metal mass in the* dwim, 
mm of manufec6«riag^ cost effectiveness, and mm&l design simplicity. 

Having described preferred ^bQdam>ents of the presort irtvenSon, it 
should be apparent that modI0catlofi?3 m&M made without dejmrtmg from 
5 the spirit and scope of die invention. 
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Claims 



h A septal occluder,, eomprisifig: 

a proximal- anchor member for deployment proximate aiirst end of a 
septal defect; 

•a. distal 'ananjor member fcrr MejSioy*i^f| ^rexim^ti!'^ seoortd end of 
saM septal defect; and 

a flexibk coittvc:tioiv member connect mg sai4 proximal and distal 
anchor members, 

said proximal and distal anchor members and said eoimeefcion 
iMa\ber comprising btoresotba'ble materials. 

The septa!' ocduder W-^lalm-if : -^^eiii said proximalsoi 
aAditnr inje'iribei's axe elongated, 

3. The septal occluder of Claim 1 wherein said pmxhnal and distal 
anchox aiemberp each have s generally cylindrical shape with rounded ends. 

4. The septal occluder Of Claim 1 wherein a side of each anchor 
pieadjer. for ramtactitog a tls&yemirfc&e ^generally flattened to increase 
surface contact. 

5. The wpm occluder of Claim 1 wherem said proximal and distal 
anchor members mA comprise a cyiin driest structure formed by rolling a 
layer cSf maled&t 

6. The septal" occluder of Cia&fc.l wherein said proximal and distal 
arichor members are inflatable 

7. The septal- occluder of Claim 1 whgrem said septal oodudef. is . 
collapsible/for passagc--'thrdt^K-:a--caflteter ©fcifoeafe^ 
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8> The septal occlude* of Claim 7 wherein said occluder can fee 
collapsed with the proxiBidimd^isial anAor members being him generally 
aligned, cad 'to end arrangement for passage through a catheter -&$ sheath*. 

9 , The sept a { occluder of CI aim 1 wherejrt ■said proximal and dista 1 
5 artchor numbers are eollapMbM fox deplovmertt or removal , 

1 0v The septal occluder of Cisim 9 wherein the proximal and distal 
anchor member* are generally ftjldaMe. 

1.L The septal occiuderof Claiml© Whoi^ia eadvaiKhor men>ber 
includes two elements separated -by an elastic hinge. 

IfJ 12. The septal occluder of Claim X further comprising a removal 

string attached to the septal ocduder to facilitate removal of the septal 
'deehddei: from the septal defect; 

'13. : The septa! occluder of Claim 12 wherein ssid removal string is 
sHd'mgly mounted in said proxmnal anchor member and attached to said 
15 idisial Anchor m ember. 

1 A, The septal occluder of Claim 12 wherein said removal strm^is 
rnouMed to slide through said proximal anchor member, 

15, The septal occluder of Claim 12 fui'lber cosnprsgittg a delivery 
string to facilitate deployment of the septal occluder at the septal defect. 

20 16. The septal occladdr:M : 0^il-whib«kis^a'R^tei occluder is 

formed from a layer of material having opposite ends rolled to form the 
proximal and; distal anchor members, 

17. The septal occluder of Claim 1 further comprising a wire 
mmiectmg^asd proximal and distal anchor members to. .provide damping 
25 force to dose the defect 



18- The iieptai oceloder of Claim 1 ? wherein said wire has a 
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serpentine ■ cotifiguration., 

19* The septa I occiudefC «f Ciaun 1 wherein said conraeetiftg- member 
comprises a suture- 

20; Tik septal oodud&r of Gianni therein said connecting msiifiher 
comprises a layer of fj.exjMtj, eiaskmrerk: material. 

21 . The septal occluder of Claim 1 wherein said conn ecting- member 
comprises- a ■layer of flexible material made from thromhogemc or 
irtfJammatory materials* 

22, The septal acctu der of Claim 1 wherein said connect Ing member 
comprises a layer of flexible material that is porous or textured* 

23i His septal occluder of Claim 1 wherein said correcting member 
coiKprb^s a layer of flexible material that is covered with a biocompasibk : 
.gttf e : t&promote adherence to tissue 

24, The septa) occluder of Claim i whomm said eonixec ting Bif rribc-r 
:cofl*prlse$'-a layer of flexible material that is covered with growth iactomtd 
accelerate tissue ingrowth. 

25, A septal defect closure device, comprisir>g* 

a proximal anchor member having a generally; cylindrical iihirpe for 
deployment proximate a first end of a septal defect; 

a distal anchor member having a. generally q/Jiadiicai shape for 
dep loymeut pmxun&te a second end of said r>ep tal defect; and 

a sulura wuiecrmg said proximal and distal anchor members. 

26, The dsvkeof C]aim25 whei^mssid suture m ■■slMingiy mounted 
"Ori . said pfoafoaal and^or'jppnifesr. 

27, -Tl«'d^oe:of.Citeina-26wiieras!n^id suture includes a biasing 
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spring at one end thereof to Mas the proidmal and distal anchor .fftsnibers 
toward each other when ihe:devfoe is depl&yed; 

•:-2& The d^fii^.of C3ahtt2$ vvteeiRlhc suture comprises a shape 
memory wire. 

19, Thu device of Claim 25 wheremsaid suture comprises a resilient 
elasfe^eric material 

30 Hie device of CkJm 25 wherein a side of each anchor mcnibet 
for ctMtaclitTg a tissue surface Is generally flattened to mcresise surface 
contact, 

31, The device of Claim 25 wherem said proximal and 'd^0M0^t; 
members each comprise a cylindrical structure formed by rolling a tey&M 
material. 

32, the device of Cia im 25 wherein said proximal and distal anchor 
aigMt^rsiateinfiaiabie: 

33, The debtee of Claim 2& wherein said device is. collapsible;!^ 
passage through a catheter or sheath, 

34, The device of Claim 33 wherein said device cm "be collapsed 
with the proximal and distal anchor members Being in a generally aligned,, 
end to end arrangement for passage through a catheter or sheath. 

35, The device of Claim 25 wh^ein §aid proximal and distal anchor 
members are collapsible for deployment or removal. 

SjS, The device of Claim 35 wherein the proximal, and distal anchor 
members are genera% foidajble. 

$% The device «f Claim 3§ wherein each anchor member includes- 
two e J.e meats separated ;'fe^h : ?5l^^-:to.%|j T - 
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.38- Trie of Claim 25 fiMh^i? comp?lsitig a ..removal, str ing 
attached, to the device to Mikte removal of the device .from the septal 
defect. 

39. The aevfceofO*^ 

S mounted in sa id proximal anc}pr.lh^K%r:^t^: : : attached to said, distal anchor 
member.: 

40. • *Jtte -devlqe. of Claim .38. wbo?dri.sai^:xenw al string is mounted 
to slide through said proximal andiormeinber. 

4) . "the device of Claim 38 fmrher .comprising a delivery string to 
3 0 facilitate deploy meat of the device at the septal defect 

42, The device of Claim 25 farther rennprimrig a wire coimeetiiig 
said proximal and distal anchor members to provide clamping force tpeloip. 
thsdelect* 

43, The device of Claim 42 .wherein said wire has a serpent}^ 
15. configuration. 

44, A septa 1 defect closure device, comprising: 

an elongated proximal anchor memNi" .for deployment proximate ■« 
first end of a septal defect; 

art elongated distal anchor member for deployment proximate a 
20: second end of said septal defect; and 

a flexible layer -oonnecUftg said proximal and distal .anchor members. 

45, The device of Claim 44 wherein flexible layer comprises 
thrombogenic ox inflainraatorj mafcrlite. 

46, Inc devies of Ciauw layer :is porous or 
.2.5 textured. 
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'17. The device of Claim 44 wherein said flexible layer is covered 
with a biocompatible glue to promote adherence to tissue. 

48. The device of Claim -44 swhereirt said fl exibk lay er k covered 
with gi^h factors to mm?m fern? ingrowth. 

4k The device of Claim 44 wherein said flexible layer comprises a 
resilient eiastomerk material 

SQ, The device afOaim. 44 wherein said flexible layer comprises a 
plurality el fibers eoaaectirig the anchor numbers; 

51. Ihedevi ce of Claim 44 wherein said proximal and distal anchor 
member each have a generally cyhmiricai .shape with rounded ends. 

52. The device of Clamip «^iha 3ide ; ;:o^^^ 
.M contacdng a tissue surface is generally flattened to increase mtiw& 
corns cl 

53. The device of Claim 44 wherein said proximal and distal anchor 
members each comprise a cylindrical structure toed by rolling a layer of 
material 

54. The. device of Claim 44 wherein said proximal and distal anchor 
members arc inflatable. 

55. Tfee device of Claim 44 -wherein- .said- device is collapsible for 
passage through a catheter or sheath. 

56- The device of Clato gjj wherein said occluder can be collapsed' 
with- the proximal and distal anchor mejathep hei«§ In a generally aligned, 
end to end arrangement for passage through a catheter or sbeath. 

07, The device of Claim 44 wherein Mid pseximal and distal anchor 
members me collapsible for tieployment or mmovah 
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58. The de-vice of Cklm 57 wherein, the proximal and distal iemchor 
members are generally- fdld^lk 

59. The daviceofCto^ 

two- elements separated by ^elMiic Jwjrtge. 

60. lite device of CMm. 44 fu*$her comprising a removal striag 
attached to the device to facilitate removal of &m device from die septal 
delect, 

61. The device of Claim wherein Mid removal string is sliciingly 
mounted m said proximal anchor member and attached to said distal anchor 
merrta 

'The device of Claim 60: wherein said removal string is mqdnted 
to slide thjough said proximal aiuihat member. 

6& The device of Ciaira #U farther comprising; a delivery steihg .:tb :' 
■M^r^ll^loymcnt of the device at the ycpial defect 

64. the device of Claim 44 wherein said device is formed from a 
I^^r of material having opposite ex>.d.s rolled to form the -proximal and disUsj 
anchor members. 

65. 'I lie device of Claim 44 Jruriher comprising a wire connecting 
said proximal and distal anchor members to provide damping force lo close 
the defect. 

66. - The device of Claim 65 Whereiii said wire has a sespentme 
cohfiguJratifsn, 

67. A septal defect dn^^0^^'fl^^ik^ 

a pTOxnnai anchor mem£# for deplovtrtent proximate: a first end of a 
septal defect; 



a distal anchor mexj-sber for deployment pixm«Ti|t!f # second end of 
said septal defect; 

a flexible connection member connecting said proximal and distal 
anchor members; and 

•a -removal string ext«nding:&oin-ssM proximal anchor member to 
facilitate collapsing and removal of fed^ce from the septal defect. 

6f». The- device of Claim 6? wherein said removal .string is slidingly 
tttottnted in said proximal alitor member and attached to said distal anchor 
member, 

69- The device of Claim 67 whenaLa said removal string is monnted 
td slide through said proximal anchor m«rhb#> 

70. iii® device of Claim 67 further comprising a delivery- string to 
faantate dsployrneni of die device at the septal defect. 

71. The device of Claim t? wherein said proximal and cusj^-asklior- 
timbers are collapsible for deployment or removal. 

72. The: device of Claim 71 wherein die proximal and distal anchor 
menibers are generally IpMable, 

75 . The device of Claim 72 wherein each anchor member taeludes 
two dements separated by ait elastic hinge, 

74, The device «f Claim 67 Inrther comprising a removal string 
attached to the device to facilitate rerft^^^ septal 
defect 

75. The device of Claim 74 wherein Saad removal string is slfdlngl)' 
mounted in said proxknalattehox member and -attached to said distal -anchor 
member.. 
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76, the device of Qmm 74 wherein said xern'ov al string is mooted 
to slide ilrrough said proximal anjehor member. 

77: The : device of Claim J £ &rtte camp* ising a deEvfey string to 
facilitate deployment of the d«yi^: : s^^.:^ptei3:.^^3d; 

5 78, A method of retrieving a deployed sep ml closure device having 

a proximal anchor member petitioned pimimafe aiir»t endof a septal 
defect a distal anchor member for po^itioAed proximate a second end of said 
septal defect* and a flexible eannecHoa member connecting said proximal 
and distal anchor members, said melhnd comprising; 

10 , ijiw'ing a sheath toward the proximal anchor member; 

applying tension to the proximal anchor memkr to first withdraw the 
pi'Gxihial aiKhor member Into the sheath and then to withdraw the distal 
anchor member into the sheath; 

wherein the proximal, and .distalanchor members are generally .-in an 
IS ' end fc) -end* aligned arrangement in said sheath, 

79. The method of Claim 7B -further comprising moving the sheath 
toward the distal anchor member prior to withdrawing the distal anchor 
member into the sheath. 

gi), Thy method of Claim 78 wherein applying tension to the 
20 proximal anchor member comprises pulling a string attached to the proximal 
member. 

81. The method of Claim 80 wherein said string is siidingiy 
motmied in said proximal ; *ndh^:n»S^r;«^.is-at^kCfeed4o -Said distal 
anchor member, 

25 -H2. A septal delect do*^ 

a proximal anchor member having a frame stmcmre for deployment 
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proxiifiate a first end of a septaWefect; 

a distal anchor member ^vfe»g;a-l^»iftsihructujce for deployment 
mm^ $ second end of «**pai defect; and 

a /flexible joint conhsd^; ssf$ jp^Q^lxQk^:-«6^^:.:^MMb^ anchor metritem* 

5 S3.: The device of Claim 82 wherein said flexible joint comprises & 

layer o f tbrombogexiic or l^i^n#jfiy ; .aniate risk 

84, The device of Claim 82 wiuwekt said flexible pint comprises a 
plurality of fibers connecting said; a^b or mewfefS- 

85, The device of Claim whoein said flexible joint is porous or 
Til' textured. 

86, The device of Claim 82 wherein said flexible joint comprises :a 
resllieM ekstomerk material. 

The device of Claim 82 wherein said flexible joint comprises two 
layers olficx^leiitateriai joined to each other generally at centers therebh 

15 88. The device of Claim S2, wherein said anchor members each Iwc 

a frame strucidie having a polygonal or circular sttneture- 

89. The device of Claim 82 wherein said anchor members each have 
a frarao stmdtm? having a generally shaped structure. 

90. The dcv1x»ofC&hn^-'wii^JHi : .9idd anchor members each have 
2f3 3 fmtm structure having a generally 'shaped structure. 

91. The device of (pi*^;^^ anchor numthers each have 
a collapsible frame -structure -Jo ^iaoffltate derjloyment of said device m a 
delivery catheter. 

92 . The devise of Claim M wherei a each frame struttore includes 
25 j metal or polymer components, 
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93. A septal defect dosute device, comprising: 

a pro>dmai anchor miii^ a first end of a 

septa! defect; 

a distal anchor member for deployment proMtrmte a second end of 
said septal, defect; and 

a connecting member coa«ectin§ said ' proximal and distal anchor 
members, 

wherein, the distal and proximal anchors, each comprise a layer that fe 
rolled to form a cylinder during device deployment, audi gen.era.1iy flat after 
deployment 

M, An apparatus fur cluing a septal defect, comprising: 

a delivery system feieluding a sheath having a tip positionable at the: 
defect; and 

a septal occluder collapsible for delivery 'through the sheath for 
deployment at the septal defect,, the septal occluder aanpiisingr 

a proximal anchor .'member for deployment at a first eiM 
of the septal defect; 

a. distal anchor member for deployment at a second end 
of Said septal defect; ami 

a flexible connection member connecting Said proximal 
and distal anchor membecs, said proximal and distal anchor 
members and said connection .member comprising 
bioresorbable nijStefialSy 

95. Aft apparatus foi clasfrtg a s^?ta! defect, comprising; 

a delivery system including a sheath hairing a tip positionabfe at the 
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defect; and 

a septal oexAuder colkp»ible for delivery through the sheath lor 
dep ioyiacnt at. the septal defect, 4»:^rt»P^wier: eonvpr ising: 

a proximal anchor member having a generally cylindrical 
shape for deployment at a first end of the septal defect; 

a distal anchor theMb^r h;wihg a /getter ally cvliiiorlcal 
shape for depfoyment at a second end of said septal defect; and 

a suture c(«mecting : 'aaid proximal and distal anchor 
members, 

9<x, An apparatus for casing; a septal defect cornprishig;: ' 
a/delivery system including- a sheath having a tip positionable at diB:: 

a septal occluder collapsible for. delivery through the sheath, for- 
deploy merit at the septal defect, the septal occluder .comprising:. 

an elongated proximal anchor member for deploymentat: 
a first end of "the septal defect; 

an elongated distal anchor member fox deployment at a 
second end of said septal defect; and 

a flexible layer coraiecUng said proximal and distal 
anchor members 

97. An apparatus for closing a septal defect, comprising: 

a delivery system -including a :: sfe^iSfh^vmg a/tip posiriimable at the 
defect; arid: 



a septal occluder coBapsible for delivery through the sheath for 
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deployment the scptal:^^fe>a«#|^:;^la^ comprising;: 

a proxitnalianelior at a first end 

of the septei defect; 

5 second end of said septal defect; 

a flexible coraiect.tdii member coimectiag said proximal 
and distal anchor members; and 

« removal *tnng exuding from saidpmxi*™! 
member to facilitate collapsing and femoral of the occluder 
10 from the septa! defect Into the .deHverjr sheath if desired. 

M, r £ke device of -Claim 67 whemkvsaid delivery sting is attached 
to the proximal anchor member a I a genera II y central ioca ton -on the p*o>dma : i 
anchor member, 

99. "fhe device of Claim 67 wfrerem said rearnoval string isiiisabie for 
15 brt& removsJ and deployment of the device, 




figure 4 
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